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1 
This invention relates fo a rectiÏying installa- 
tion, which is more particularly suitable for 
chargïng batteries and comprises a rectifying cir- 
cuit having a voltage-current characteristic curve 
Which slightly varies with small loads and yields 
a current limitation in the case of higher loads. 
According fo the invention the output voltage 
of this rectffying circuit is connected either in 
series or in parallel with the output voltage of 
a second or auxiliary rectifying circuit having 
such a voltage-current curve that the .resulting 
voltage-current curve also bas. a part whose volt- 
age varies onIy slightly and, gs the cse may be, 
 current limiting part, but which first-mentioned 
part in the range of the low toads adjoins a part 
which exhibits a higher voItage than the corre- 
sponding part of the curve of the first-mentioned 
rectifying circuit individually. 
This expedient yields a variation in shape of 
the voltäge-current curve of the rectifying in- 
stallation, which permits such a curve fo be used 
in a broader field. The increased voltage in the 
part of the resu.lting characteristic curve in re- 
gard fo the low load currents, whose increase may 
practically be chosen at wil.1 in accordance with 
the use intended, may, for instance, be used for 
switching on or off relays for cha.rging batteries, 
buffet batteries or the 1Lke. This yields the spe- 
cial advantage that there are many possibflities 
of adaptation for various cases in accordance with 
the connection, i. e. in series or in parallel, and 
With the proportions of the transformers. In the 
present case a principal distinction should be 
made between the said series- and parallel-con- 
nection. 
In the case of series-connection of the two 
transformer circuits the voltages are added, as a 
result, of which the said voltage increase in the 
part of the resulting voltage-current curve in 
regard fo low loads is, in principle, obtained with 
the smllest proportion of the auxfliàry trans- 
former circuit, ttowever, by this series connec- 
tion the range of substantially constant voltage 
in the resulting curve is reduced approximàtely 
fo such a degree in comparison with the initial 
curve of the first rectifying circui as corresponds 
fo the value of the current range of the series- 
connected auxiliary rectifying circuit. 
In the cse of parallel-connection, however,- the 
currents are added, due fo which the output volt- 
age of the para-llel-connected auxfliary rectifier 
should be equal fo the increased voltage of the 
resulting curve and consequentiy higher than 
the constant voltge of the first.rectifying circuit. 
As a result thereof the proportions of the second 

2 
transformer become, in principle, larger than in 
the first-mentioned case of the seriesconnection. 
On the other hand summation of the currents 
does hot reduce the current range having a con- 
 stant voltage in the resulting curve, but brings 
about a displacement thereof in the direction of 
the high load currents, which is very gdvantage- 
ous for certain uses. When adding the curves 
of the two rectifying circuits if may occur that 
10 the current limiting Property of the curve of the 
first-mentioned rectifying circuit is eliminated, 
which is the case if the curve of the auxfliry 
rectifying circuit does hot comprise a current- 
limiting portion. 
15 The terre "load" as used in this specificaion 
and claims refers to the total demand imposed 
on the rectifying installation. Thus where the 
installation supplies a charging current solely fo 
a battery, the load is determined exclusively by 
20 the charging current fiowing through the battery. 
This current, as is known, wfll vary depending 
on the extent of the charge attained by the bat- 
tery. On the other hand, where the installation 
supplies a buffet battery, the load on the installa- 
25 tion will depend on the overall demand con- 
stituted by the buffet battery and. the load ex- 
ternal thereto. 
Another important advantage of the device ac- 
cording fo the invention resides in that in accord- 
30 ance with the current range of the second rectify- 
ing circuit the current range of increased volt- 
age of the resulting curve may be chosen higher 
or 10wer at will in accordance with the use and 
the ioads. With loads comprising a buffet bat- 
35 tery i may, for instance, occur that the battery 
must be charged fo the maximum voltage with a 
comparatïvely high base load exterial to thé bat- 
tery, which is possible by a suitable choic'e of 
the said current range. 
40 According fo another feature of the invention 
the second recifying circuit is caused fo provide 
a dropping voltage-current Chàractéristïc where- 
by af least the transition between the prt hav- 
ing a constant voltage to the par tiavir/g an ïn- 
45 creased voltage of the resulting curve is steep. 
This gives fise to a highly discdntinuous transi- 
tion between the two current ranges, as a result 
of which a sharper separation ensuès betWeen 
he two ranges. /Ioreover, the steep transition 
50 involes even with a slight cintrent variatïor a 
comparatively large voltage variation, which nïay 
be advantageous for switctiing on or off gas- or 
vapour-filled, discharge tibes, mechanical relaYs 
or the like. A third and at the saine rime very 
55 important advantage of such a transition is that 
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3 
in the case of network voltage variations the cur- 
rent range of this part of the characteristic varies 
fo a smaller degree in accordance as fo whether 
it is steeper, as a result of which the current 
range of the part having a constant voltage also 
remains as constant as possible with network 
voltage variations. This will be more fully ex- 
plained in the description of the drawing. A 
total curve satisfying stringent conditions is ob- 
tained more particularly if the remaining part of 
the curve satisfies the requirement that in the 
case of network voltage variations only slight 
voltage variations of the curve should occur, 

4 
required by definite base load extelï%al to the 
battery, the voltage increase may be used for 
charging the battery thoroughly which may be 
gathered in the drawing ïrom the voltage at 
5 the base load a. 
By another choice of the cmwe 2 both the 
amount of the voltage increase and the current 
range thereof may be accommodated to the load 
conditions imposed on the installation. For 
h example, the auxiliary rectifier circuit may be 
designed fo furnish a voltage having an eve 
steeper characteristic than that of curve 2 as 
shown. 

which can be ensured by a suitable choice of Furthermore, it apPears froïn the drawing 
the transformer ch-cuit initially used. . i, that the rectifying circuit yielding the curve 2 
As apPears from what has been said above the has a comparatively much smaller size than 

second rectiïying ci»cuit may consist of a normal 
rectifyin circuit, but also of a particular rectiïy- 
ing circuit and this in accordance with the con- 
ditions fo be imposed upon the resulting curve. 
The principle of the invention will be more 
fully explained by reference fo the accompany- 
ing drawing wherein like elements are repre- 
sented by like reference numerals. 
Fig. 1 is a curve illustrative of the invention 
when series connected rectifiers are employed. 
Fig. 2 is a cmwe illustrative of the invention 
when parallel connected rectifiers are employed. 
Fig. 3 is a curve illustrative of the invention 
when series connected rectifiers are employed. 
Fig. 4 is a curve illustrative of the inventiol 
when parallel connected rectifiers are employed. 
Fig. 5 is a schematic circuit diagram of a 
rectifying circuit in accordance with the inven- 
tion. 
Fig. 6 is a curve illustrative of the invention 
when series connected rectifiers are employed. 
Fig. 7 is a curve illustrative of the invention 
when parallel connected rectifiers are employed. 
Figs. S, 9, i0, ii, 12 and 13 are schematic 
circuit diagrams each representing a dilïerent 
preferred embodiment of the invention. 
In Figure 1 the reference number  designates 
a voltage current curve of a rectiïying circuit 
which has already been proposed and comprises 
a part whose voltage slightly varies with small 
loads and a part yielding a current limitation 
in the case of high loads. The voltage and the 
current are represented by E and I. The ref- 
erence number 2 designates the voltage current 
curve of a common rectifier. 
By series-connection of the direct voltages of 
the two rectifiers according to the invention a 
resulting voltage current cmwe 3 is obtained, 
which also bas a current limiting part 4 and 
a part 5 whose voltage varies only slightly. The 
last-mentioned part in the range of the small 
loads adjoins, however, a part 6 which exhibits 
a higher voltage than the corresponding part 
 of the curve [ of the first-mentioned rectify- 
ing circuit individually. 
As appears from the drawing the range of 
constant voltage of the curve  is reduced by 
the part ] and consequently fo a range 8 so that 
this circuit is itmited fo those cases where this 
is not objectionable. Moreover, the choice of 
the curve I and the maximum current strength 
to be delivered may be taken into account in 
designing the circuit. The voltage increase  
over the current range a may, as bas already 
been stated in the preamble, be used for switch- 
ing on or off discharge tubes, mechanical relays, 
safety or alarm devices and the like. 
In charging bulïer batteries where the current 
drawn from rectifier does not fall below that 

that associated with the curve l, which con- 
stitutes a particular advantage of the series- 
connection. 
. Figure 2 deals with the case of parallel-con- 
nection. The curve of the formerly used trans- 
former circuit bears again the reference number 
I, the second rectifying circuit having a curve 
9. The parallel connection yields a resulting 
±5 curve  which also has a current limiting parç 
I and a part 2 whooe voltage varies oniy 
slightly, which part in the range of the small 
loads adjoins a part 13 having a higher voltage 
than that of the corresponding part  of the 
:0 curve of the first-mentioned rectffying circuit 
individually. 
From the drawing it appears that the part 
having a constant voltage has been shifted from 
the initial curve  to a higher current range 
35 I. In this case also a resulting curve, which 
is as much as possible accommodated to require- 
ments of the load, can be obtained by variation 
of the curves I and . 
It will be appreciated that i£ one of the two 
40 rectifying circuits has a curve without a rela- 
tively sharp current limiting portion, the re- 
sulting curve will also have this property. This 
may be desirable under certain conditions. 
The resulting curves  and   shown in Figures 
45 1 and 2 are, in regard to their principal shape, 
eminently suitable for charging a bulïer battery, 
for instance of automatic telephone exchange 
offices where if may occur that the battery must 
be charged fo a suitable voltage with a certain 
50 minimum base load of general application 
ternal to the buffer battery. In that case the 
current with the minimum base load must be 
slightly smaller than the current at the tran- 
sition between the part whose voltage varies 
55 slightly and the part where the voltage is 
creased. 
As a rule the curve I shown in Figure 2 is 
particularly suitable in those cases where the 
load current has a constant and a variable por- 
60 tion, whereas the voltage must remain constant. 
In this case the constant part of the current 
is of the order of magnitude corresponding fo 
the part $, whereas the varying part extends 
to the curvature . The advantage of this 
65 circuit consists in that the installation consisting 
of two transfolTner circuits having curves  and 
 is cheaper than a single installation having a 
curve according fo the principle of the curve 
, but having a current range equal fo that of 
70 the curve I. 
In Figures 1 and 2 the portion of the resulting 
curve having an increased voltage exhibits oniy 
a small steepness. Consequently, with feed volt- 
age variations of the network this portion orig- 
75 inating from a common rectifier will also be 



 liable to.varlations, which is indicated by a dash- 
«anl-dot line in.thc two figures. Both in Figure 
l'and in Figure 2 the parts having a constant 
 voltage will-be reduced by a part |6 owing to 
:the.network voltage variations. 
In order to obviate this drawback a second 
rectifier is used, according fo a further feature 
Of- the  invention, to constitute a rectifier known 
per ,se having such a dropping voltage current 
Curvethat af least the transition between the 
part having a constant voltage aoEd the part 
having an increased voltage is steep. This is 
illustrated in.Figure 3 in regard toseries-con- 
.nection-and in Figure 4 in regard fo parallel- 
connection. In .the case of network 7oltage 
,variations the Variations of the current range 
with a constant voltage are thus reduced toa 
minimum. 
:The curves designated by |6 in Figures 3 and 
4 :an be obtained in a manner which bas 
alrea'dy been proposed by raeans of a rectifying 
circuit Shown in Figure 5, by giving the condenser 
| 7-and the.saturated transformer  6 feeding the 
rectifier | 9 and the load 2{} suitable proportions, 
In Figures 6 and 7 .use, is ruade of series- and 
parallel-connection respectively oï rectifying 
circuits having curves originating from rectify- 
.ing circuits as shown in Figure 8, which bave 
already also been.proposed per se. 
,In this figure corresponding parts bear the 
same reference .numerals as in Fig. 5..How- 
ever, the secondary of a small common:trans- 
:former,2| ls still interposed in. series with the 
secondary of-the transformer |{}, .both of them 
jointly feeding .the Graetz circuit 22. Con- 
nected across the output of the installation is 
a relay4| adapted to respond only fo the volt- 
age in.the steep portion of the curve fo control 
the line voltage. Since the relay is the mechan- 
 iCal:equivalent to an electronic switch, the use 
of electron discharge tubes for the same .purpose 
,baS:hot been illustrated. 
:From the curves shown in Figures 6 and 7 if 
appears that-the resulting curves 23 and 24 bave 
again a part with increased voltage, a part hav- 
ing a :constant normal 7oltage and a current 
. limlting part. 
iVoreover, the firstmentioned part also com- 
prises a portion having a slightly varying volt- 
.ge anda steep transition to the next palet of 
the curve. Furthermore these curves in par- 
ticular exhibit the loops 2 and 26 whlch are 
nsually hot closed actually; they forma voltage 
maximum and bave proved fo, be advantageous 
,more particularly in charging batteries. Other- 
wise,-v chat bas been said in regard fo Figures 
3 and4 also holds for the curves shown in Figures 
6 and 7. 
Finally Figures 9 and 10 represent a series- 
.connection and a parallel-connection respec- 
tively, the circult shown in Fig. 8 belng used 
in, bothfigures. When using the circuit shown 
, in,,Fig. 8 to constitute the second rectifying 
 circuit, either in series or in parallel, the cur- 
rent.range a of the added voltage lump, for in- 
.stance in Figures 6 and 7 may be varied by 
altering the capacity, |7 shown in Fig. 8 or by 
a.'feed voltage variation. In this way a suitable 
,adj,ustment of the .said current range can be 
attained by controlling the capacity.or the feed 
,voltage. 
In Fig. 9 the first rectifying circuit also cor- 
responds fo that shown in Fig. 8, the auxiliary 
rectifylng circuit consisting of a common circuit 
comprising rectifiers.27 .connected according to 
raetz and a premagnetised ch0ke 2{} which 

-serres for. obtaining, a/sharply dropping ,curve, 
for instance as -shown ïn Figure :3 .or :4.  In .thts 
"figure a buffer:battery 29 inconjunction.wtth 
an exteïal loa:d is shown::as a load. 
5 In the series-connection of the rectifytng 
cuits several particular difficulties .rnay :aride in 
conjunctien :with ,the fact, that;.theAoa'd curent 
 also. traerses :the »smalNsized .second' rectify.ing 
' circuit. WheoE ,-using ,for the latter :a Graetz 
il) :circuit (27. in :Fig. 9), .for instance,--each:of:the 
:shunt branches .comprising two series-connected 
rectifiers will be traversed by,one halfof,this 
,current-in the  case ,of a strong load current, 
, which ::causes an  undesirable -voltage loss in the 
].5 "case of using,dry rectifiers, which will:generally 
 have to be. used in conjunction with the :con- 
.ditions tobe imposed ,upon, the vottage,and,cur- 
rent ,range. of -the voltage, lump. In Fige 6, this 
,voltage :loss is indlcated by the .dotted 
OEo which extends below the ,zero line: as an-eten- 
sion of the curve 3-|. -In,the,resulting curve this 
is indicated by the dotted line 2, .which bas a 
steeper shape than the part ,23, due .fo which 
the imposed conditions of a sufliciently constant 
5 voltage in this range could hot be satisfied. 
In accordance with the invention thii drav- 
back is overcome by means in which no use is 
ruade of switches or relays, riz., by màlïing use 
.of a twophase rectifying circui.t to constitUte 
o tle series-connected auxiliary rectifier, wliichis 
' represented in principlein Fig. 11. The aux- 
iliary feed transormerïs designCed by 
midpoint.tapping by 34 and the rectifiers by. 
With a high current-load the current 'dïïlles 
5 according 'fo the arrows into the two, 'shunt 
branches in such manner thatïn each brach 
only one rectifier instead of two rectiflers is 
traversed, the voltage loss. being 'reduced 'to n 
admissible value. Thereby this problem is-solved. 
4o In this case, however, another problem arises 
whicloE :does not play a part in using a-Graetz 
circuit 27 as shown in -Fig. 9. In fact, inthe 
last-mentioned casethe high ioad current,solély 
traverses the rectifiers and hOt the secondary 
45 winding of 'thetransformer. When using 
two-phase -auxiliary rectifier.the: secondary:Winl- 
ing, in contradistinction thereto, is loded .with 
these higher load currents. 'Consequently,this 
secondary will'have fo be wound from compara 
50 tiVëly thick wire. Furthermore,,since the:-trans- 
 former is proportioned for small power only :and, 
for instance in the circuit shown in Fig. '9, :is 
realized s a highly saturated transformer 4{}; :wlfle 
the poor form factor of,the, current :with his 
55 midpoint connection further requires,the',-uSe, of 
considerable copper, if bas been f0und ïn:prac- 
ticethat the winding - canner be housed.in  the 
vailable space, of the: magnetic circuit. 
In this- case a variant-,of this- circuit- iS::used, 
60 which is,hoWn in Fïg. 12 andïnsteadof being 
connected to the auxiliary, rectifying circuit , 
34, 3 is connected to the first .rectifying :cir- 
cuit 22. The primary part and.the secondCy 
windings Of the transformers |{} and 2 |, rnay. for 
65 instance, be realised similarly to the auxiliary rec- 
tifying circuit-sho'wn in Fig. 9. Howeer,.the,two 
two-phase connected rectifiers 3 are hot con- 
nected directly to the secondary .windings, ,but 
tlirough the intermediary of an intermediate 
70 transformer 3{} having a midpointtapping .34 
which may be realised as an auto-transformer. 
In this case his-transformer may be safely 
equipped with a winding having:a slfficientwire 
diameter. Otherwise this transformer may«also 
 75 be designed as a normal transformer.having sepa- 
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rated windings, as shown in Fig. 13. In this case 
the feed transformer wfll preferably be realised 
in auto-connection as shown at 37, which con- 
nection essentially corresponds to that shown in 
Fig. 12. 
What I claim is: 
1. A circuit-arrangement comprising an alter- 
nating-current source, a first rectiïying systera 
energized from said source and having an out- 
put voltage-current characteristic curve which is 
substantially steady with regard to voltage 
throughout a predetermined range of relatively 
small load values and which exhibits a current 
limitation in the case of high load values, a sec- 
ond rectifying systera energized ïrom said source 
and having an output voltage-current character- 
istic curve which declines with regard to voltage 
in the initial portion of a corresponding range of 
relatively small load values, and means to com- 
bine the outputs of said first and second sys- 
tems to provide an output voltage. 
2. A circuit-arrangement comprising an alter- 
nating-current source, a first rectifying system 
energized from said source and having an output 
voltage-cu'rent characteristic curve which is sub- 
stantially steady with regard to voltage through- 
out a predetermined range of relatively small load 
values and which exhibits a current limitation 
in the case of high load values, a second recti- 
 £ying system energized from said source and hav- 
ing an output voltage-current characteristic 
curve which declines with regard to voltage in 
the initial portion of a corresponding range of 
relatively small load values and which is sub- 
stantially steady throughout the remaining por- 
tion of said corresponding range, and means to 
connect serially the outputs of said first and sec- 
ond systems to provide an output voltage. 
3. A circuit-arrangement comprising an alter- 
nating-current source, a first rectifying system 
energized from said source and having an out- 
put voltage-current characteristic curve which is 
substantially steady with regard to voltage 
throughout a predetermined range of relatively 
small load values and which exhibits a current 
limitation in the case of high load values, a sec- 
ond rectifying systera energized from said source 
and having an output voltage-current charac- 
teristic curve which declines with regard to volt- 
age in the initial portion of a corresponding range 
of relatively small load values and which is sub- 
stantially steady through the remaining portion 
of said corresponding range, and means to con- 
nect in parallel the outputs of said first and sec- 
ond systems to provide a final output voltage, 
4. A circuit-arrangement comprising an alter- 
nating-current source, a first rectifying system 
energized from said source and having an out- 
put voltage-current characteristic curve which is 
substantially steady with regard to voltage 
throughout a predetermined range of relatively 
small load values and vhich exhibits a current 
limitation in the case of high load values, a sec- 
ond rectifying system energized from said source 
and having an output voltage-current charac- 
teristic curve which declines steeply with regard 
to voltage in the initial portion of a correspond- 
ing range of relatively small load values and 
which is substantially steady for the remaining 
portion of said range and which exhibits a cur- 
rent limitation in the case of high load values, 
and means to combine the output voltages of said 
systems to provide a final output voltage. 
5. A circuit-arrangement comprising an al- 

10 
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ternating-current source, a first rectifying sys- 
tem energized from said source and having an 
output voltage-current characteristic curve which 
is substantially steady with regard to voltage 
throughout a predetermined range of relatively 
small load values and which exhibits a current 
limitation in the case of high values, a second 
rectiïying system energized ïrom said source and 
having an output voltage-current characteristic 
curve which declines steeply with regard to volt- 
age in the initial portion of a corresponding range 
of relatively small load values and which is sub- 
stantially steady for the rmnaining portion of said 
range and whcih exhibits a current limitation in 
i5 the case of high load values, said second rec- 
tiïying system including a saturable transformer 
having a primary coupled to the source and a 
secondary, a capacitor interposed between the 
primary of said saturable transformer and said 
2o source, an auxiliary transformer having a pri- 
mary connected to said source and a secondary 
connected in series with the secondary o£ said 
saturable transformer and rectifying means cou- 
pled to the series-connected secondaries to derive 
25 a direct-current therefrom, and means to com- 
bine the output voltages of said systeras to pro- 
vide a final output voltage. 
6. A circuit-arrangement comprising an al- 
ternating-current source, a first rectiïying system 
3O energized from said source and having an output 
voltage-current characteristic curve which is sub- 
stantially steady with regard fo voltage through- 
out a predeterrained range of relatively small 
load values and which exhibits a current limita- 
35 tion in the case of high load values, a second rec- 
tiïying system energized ïrom said source and 
having an output voltage-current characteristic 
culwe which declines steeply with regard to volt- 
age in the initial portion of a corresponding range 
40 of relatively small load va!ues and which is sub- 
stantially steady for the remaining portion of 
said range and which exhibits a current limita- 
tion in the case of high load values, and means 
to combine the output voltages cï said systems to 
-5 provide a final output voltage, said first and sec- 
ond rectifying systems each including a satur- 
able transformer having a primary coupled to 
the source and a secondary, a capacitor inter- 
posed between the primary of said saturable 
5o transformeï and said source, an auxiliary trans- 
former having a primary connected to said source 
and a secondary connected in series with the sec- 
cndary of said saturable transformer, and rectify- 
ing mean coupled to the series-cormected sec- 
55 otoEdaries fo derive a direct-current therefrom, the 
capacitor in said first system having a value rela- 
tive to that in said second system effecting the 
desired characteïistic curves. 
. A circuit-arrangement comprising an al- 
60 ternatflg-current source, a first rectifying system 
eloEergized from said source and having an output 
voltage-cum'ent characteristic curve which is sub- 
stantially steady with regard to voltage through- 
out a predetermined range of relatively small load 
65 values and which exhibits a current limitation in 
the case of high load values, a second rectifying 
system eneïgized from said source and having an 
output voltage-current characteristic curve which 
declines steeply with regard to voltage in the 
70 initial portion of a corresponding range of re]a- 
tively small load values and which is substantial- 
ly steady for the remaining portion of said range 
and which exhibits a current limitation in the 
case of high load values, and means to combine 
75 the output voltages of said systems to provide a 
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final output voltage, said second rectifying sys- 
rem including a saturable transformer having a 
primary and a secondary, a capacitor connected 
in series with the primary of said saturable trans- 
former to the source, an auxfliary transformer 5 
having a primary connected fo the source and 
a secondaïy connected in series with the sec- 
ondary of the saturable transformer, an auto- 
transformer having a winding and a tap therein, 
said series-connected secondaries bein connect- 10 
ed to said tap and one end of said winding, a 
pair of rectifiers connected in current opposition 
across said winding, and means to derive the di- 
rect-voltage from batween the junction of said 
rectifiers and the electrical center of said winding. 15 
HENDIII4 ABIAHAM WIJNAND 
KLINKI-IAOeER. 
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